Introduction
proposed the optical trapping of dielectric particles by a single-beam gradient force trap for the first time [1] . This laser beam trapping method is considered to be useful for manipulation of biological object because of noninvasive technology. Since then, this method was developed as an optical tweezers technology for various biological objects, such as viruses, bacteria and yeast cells, as well as for various dielectric particles. Its operation principle is based upon the electromagnetic momentum preservation. In recent years, a great deal of experimental and theoretical work has been done on the various types of laser beam trapping to manipulate microorganisms. We have already developed an optical trapping system with a single-mode lensed fiber probe [2] - [6] . This system is simpler and more flexible than conventional optical tweezers. Microsphere dispersed in liquid could be trapped by a single laser beam from an lensed optical fiber end inserted at an angle, and could be freely manipulated in 2-D plain synchronized to the lensed fiber probe as shown in Fig. 1 . However, these fiber optical tweezers cannot form a Three-Dimensional optical trap by using just single one optical fiber due to the weakly focused laser beam from the polished tapered fiber with spherical lens [2] [3] . In this paper a novel tapered single fiber optic tweezers was proposed for cell manipulation and isolation. Optical fiber tips were fabricated by dynamic chemical etching method. From our experimental results, it was found that a Three-Dimensional optical trap of a yeast cell dispersed in water solution could be formed by the fiber tip with 17deg tip. Optical forces were sufficient to move the yeast cell for manipulation and isolation. Figure 2 shows the experimental set up for laser trapping with a tapered fiber probe inserted at an angle. The purpose of this paper is to show that it is possible to make efficient optical tweezers using a properly modified single mode fiber. The fiber was mounted on a linear actuator stage and immersed in water solution. In our previous work, it was found that the fiber insertion angle into a water solution was important parameter for fiber trapping and manipulation of a microsphere. A single-beam fiber optic trap was not created at all when the fiber insertion angle was less than 20 degrees. Therefore, in our experiment, a fiber probe was inserted at an angle of 50 degrees. In our experiments, a semiconductor laser module at 980nm was used. The output of laser light was coupled into an optical fiber which had an optical connector at the fiber end. The trapping fiber could be freely moved in the water solution by controlling the xyz manipulator. A microscope was used to observe the trapped objects and the trapping behavior was recorded on a VTR with a CCD camera. This optical fiber trapping method has following merits: (i) optical trapping systems using optical fibers are simple and inexpensive. (ii) trapped objects can be moved easily and freely, synchronized to the trapping fiber. (iii) optical sources can be changed easily using optical connectors. (iv) the trapping point is easily noticeable, because the fiber end points out the focal point.
Fiber trapping system

Tapered fiber probe
In this paper a novel tapered single fiber optic tweezers was proposed for cell manipulation and isolation. Optical fiber tips were fabricated by dynamic chemical etching method as shown in Fig. 3 . The mechanically cleaved bare single mode fiber was dipped into Hydrofluoric (HF) acid containing a protective layer of Toluene at the top. By moving the fiber at variable speeds, a variety of tip shapes could be created. The motorized translation stage (KT-LS13-M, Zaber Technologies Inc.) was used for moving the fiber at variable speeds. A custom program was written with Labview version 8.2 (National Instruments) to operate this experimental system. Tip angle could be adjusted from 7deg to 37deg by dynamic chemical etching method. From our experimental results, it was found that a Three-Dimensional optical trap of yeast cell dispersed in water solution could be formed by the fiber tip with less than 17deg tip. A yeast cell was trapped at the taper tip as shown in Fig. 5(a) . When the power was reduced, the trapped yeast cell was released from the optical trap at the fiber tip as shown in Fig. 5(b) . So it was easy to trap and isolate cell, and we could see the clonal growth of the yeast cell trapped and isolated using 980nm laser. Furthermore we calculated the evanescent electromagnetic field in the vicinity of the fiber tip using FDTD method, and verified that a three-dimension gradient optical field was formed within the optical near field of the fiber probe. From these experimental and theoretical results, it was found that our proposed method was a promising tool for the isolation of microorganisms. 
Conclusions
In this paper, chemically etched fiber probe was investigated for trapping. We fabricated optical fiber tips by dynamic chemical etching method. Tip angle could be adjusted from 7deg to 37deg by dynamic chemical etching. From our experimental results, it was found that a Three-Dimensional optical trap of yeast cell dispersed in water solution could be formed by the fiber tip with less than 17deg tip. Optical forces were sufficient to move the yeast cell for manipulation and isolation. From our experimental results, it was found that our proposed method was a promising tool for the isolation of microorganisms. 
